We present a case report of the anaesthetic management of a 77-year-old man requiring endovascular thoracic stent graft repair. The patient had a history of poorly controlled type II diabetes mellitus and chronic renal failure. Chest X-ray and CT scan shoowed a right pleural effusion, generalized emphysema and an enlarged thyroid extending into the upper mediastinum, compromising the tracheal lumen. Endovascular stent grat repair was successfully performed under epidural anaesthesia and intravenous sedation.
The incidence of thoracic aortic aneurysm is estimated to be approximately six cases per 100,000 persons per year 1 . The afflicted population is usually elderly and predominantly male. Hypertension, coronary artery disease, congestive heart failure and widespread atherosclerosis are frequently associated morbidities, and all significantly impact on postoperative recovery. There appears to be an increase in the absolute number of aneurysms of the aorta, which may reflect the increased life expectancy of the population or perhaps improved diagnostic capabilities. The traditional therapy for patients with thoracic aortic aneurysms is open surgical repair 1 . Since 1992, transluminally placed endovascular stent grafts have been an attractive alternative to this approach 2 .
The anaesthetic management of patients undergo-ing conventional repair of aneurysms of the thoracic aorta is well described in the literature, but there is little which describes the detailed anaesthetic management of patients treated with endovascular stent graft repair. We present a case report of anaesthetic management of a patient requiring an endovascular thoracic stent graft repair.
CASE REPORT
A 77-year-old man was admitted to our hospital because of a sudden penetrating deep thoracic pain which radiated from the anterior to the left side of his chest. The patient had a history of poorly controlled type II diabetes mellitus, mild chronic renal failure, systemic hypertension and intermittent claudication.
On admission to the hospital the patient complained of continuous pain, associated with slowly worsening dyspnoea. The respiratory rate was 22 breaths per minute and O 2 saturation was 91% with an oxygen mask flow rate of 6 l/min. His arterial blood pressure was 130/75 mmHg, heart rate 80 beats per minute and temperature 37.4°C. Laboratory investigation presented the following abnormal parameters: haemoglobin 8.9 g/dl; haematocrit 27.6%; creatinine 1.4 mg/dl. Electrocardiograph showed normal sinus rhythm with left axis deviation.
Chest X-ray confirmed the diagnosis of right pleural effusion, while thoracic computed tomo-graphy (CT) scan with contrast showed the presence of generalized emphysema, with a 3 cm diameter bulla in the anterior segment of the left superior pulmonary lobe, and irregularly dilated descending thoracic aorta (with maximal axial diameter of 6 cm) surrounded by 2 cm of non-enhancing, soft tissue consistent with peri-aortic thrombus.
An exploratory thoracentesis demonstrated the presence of blood in the pleural space.
The CT scan also showed an increased thyroid gland volume (with an axial section of 5 cm), its left lobe reaching into the mediastinum as far as the aortic arch. The trachea was compressed by the thyroid gland resulting in severe constriction and deviation of its lumen to the right side.
Other radiological investigations such as abdominal CT scan and Doppler ultrasound of the abdominal aorta showed voluminous renal cysts and diffuse atherosclerotic lesions. An ejection fraction of 55% was estimated from transthoracic echocardiography, which also showed an hypertrophied left ventricle, moderate left atrial dilatation, aortic valve and aortic bulb calcifications, ascending aortic dilatation (of 4 cm of diameter) and a highly atherosclerotic abdominal aorta.
A cerebral CT scan with contrast showed a small increase in the ventricular complex size and an area of hypodensity of 1 cm diameter, probably due to an ischaemic insult to the right cerebellar hemisphere.
Due to the patient's poor general condition, surgical repair of the thoracic aneurysm was considered to be associated with an exceedingly high risk and therefore endovascular stent graft repair was chosen.
Following consultations with the vascular radiologists and surgeons, we proposed the patient undergo an extradural block as the anaesthetic for placement of the covered stent.
The procedure took place in the operating room, 24 hours after admission. The patient was premedicated with midazolam 1 mg IV, after the insertion of a 14-gauge intravenous cannula in the left arm and a 16-gauge in the right arm. Arterial blood pressure was monitored using a 20-gauge radial arterial line, the central venous pressure was monitored via a right internal jugular catheter and the patient's bladder was catheterized. A 17-gauge Tuohy needle was inserted at the L2-L3 interspace, and the epidural space was correctly identified using the loss of resistance technique. An epidural catheter was inserted through the needle, with the Huber tip directed cephalad, and advanced for 2 to 3 cm into the epidural space; no blood or cerebrospinal fluid was aspirated from it. A total of 10 ml of 0.75% ropivacaine was injected, in titrated 2 ml doses, through the catheter, reaching a block level of T10.
Intraoperative arterial blood pressure was stable at 120/70 (±10%) mmHg and heart rate at 65 (range 60-75) beats/min without any pharmacological support. Oxygen saturation remained at 95% throughout the procedure with an oxygen facemask flow rate of 7 l/min and urine output was in excess of 50 ml/hour. During the procedure 8 ml/kg per hour of crystalloids were administered.
The stent was introduced through a left iliac arteriotomy and advanced under radiological guidance into the thoracic aorta. Just prior to introducing the stent, 5000 IU heparin were injected intravenously. The intraluminal prosthesis was anchored to the normal aortic wall, above and below the aneurysm. The correct positioning was confirmed by angiography, which did not show any endovascular leak. During the inflation of the balloon to dilate the stent, total occlusion of the aorta did not increase the systolic arterial blood pressure. Pharmacological control of heart rate during the deployment was not necessary. The correct positioning of the stent was confirmed using 50 ml of contrast medium. Total anaesthetic and surgery time was three hours. The procedure was well tolerated by the patient in terms of pain and anxiety. He cooperated and remained motionlesss when asked. The staff communicated with him and reassured him continuously. The patient was transferred to the Intensive Care Unit alert and haemodynamically stable. Postoperative analgesia consisted of intravenous infusion of 0.86 mg/kg per hour of ketorolac (60 mg in 250 ml normal saline over 24 hours).
The epidural catheter was left in place because of the patient's anticoagulant therapy.
The day after surgery, clinical and Doppler findings suggested the presence of a right leg thrombosis.The patient underwent an emergency thrombo-endarterectomy under regional anaesthesia, using the epidural catheter inserted on the previous day.
The patient was mobilized on the second day after surgery, and was discharged home seven days after admission, in a stable condition.
DISCUSSION
Conventional surgical repair of descending thoracic aorta aneurysms entails thoracotomy and graft interposition 1 . For elderly patients and those with previous operations, obesity, respiratory insufficiency, or other co-morbidities, such a procedure carries significant morbidity and mortality 3 . A recent audit of cardiothoracic units in Great Britain and Ireland showed a 28% mortality for procedures involving the descending thoracic aorta treated with bypass and a 25% mortality for patients treated without bypass 4 . Transluminal stent graft placement offers an alternative approach with potentially better outcome and quicker recovery 2 . In the elective thoracic aortic aneurysm stent graft repair, the perioperative mortality rates are between zero and 12.5% 5 .
When compared with the traditional open surgical technique, endovascular aortic stent placement is much less invasive, causing minimal haemodynamic disturbance and ischaemia to the viscera, kidneys and spinal cord. There is no requirement for full heparinization and blood and third space losses are negligible. Intraoperative temperature control is easier. There is quicker recovery and postoperative pain is moderate 3, 4, 6 .
The concept of the minimally invasive approach to the treatment of aneurysmal disease was first described by Dotter in 1969 7 . The publication by Parodi et al 8 , coupled with the advancements in stent and graft technology, allowed endovascular aneurysm repair to reach preliminary clinical trials. Endovascular aortic aneurysm repair involves transfemoral placement of an intra-luminal graft into the aorta, with the aim of excluding the aneurysm sac from the circulation. The intra-luminal prosthesis is anchored to the normal aortic wall, both above and below the aneurysm using a balloon expandable or self-expandable metallic stent 1, 3, 8, 9 . This technique is restricted to patients with aneurysms that contain proximal and distal landing zones, estimated to be about 30% of the total population suffering from this disease 3 .
During placement of the aortic endoprosthesis, surgeons may request the reduction, for short periods of time (<1 min), of the mean arterial pressure to values lower than 70 mmHg [1] [2] [3] . Induced hypotension may reduce the possible risk of hypertension, produced by complete occlusion of the aorta and major arteries during the inflation of the balloon 1,2,6,9 . Not all authors agree with the absolute need for induced hypotension during positioning of the stent. Our radiologists and vascular 4 surgeons prefer maintenance of normotension, without hypertensive peaks during and after the inflation of the balloon, which usually takes only a few seconds, in highly compromised patients.
The anaesthetic management of patients undergoing endovascular stent graft repair is a source of ongoing discussion in the literature 6, [8] [9] [10] [11] [12] [13] [14] . The appropriate anaesthetic technique needs to take into consideration on the one hand, the absence of laparotomy and/or thoracotomy, the relatively low invasiveness and the reduction of surgical stress of the procedure, and on the other, the fact that the patient must be motionless in order to avoid incorrect positioning of the graft. Preparation must also be made for treatment of sudden massive blood loss in the case of major disruption of the aorta, when immediate thoracotomy or laparotomy with aortic crossclamping becomes necessary. General, epidural and local anaesthesia techniques were considered by different authors.
In 1997 Baker 15 published a retrospective review of the anaesthetic management of one hundred patients undergoing endoluminal aortic stent graft surgery. Prior to this report, only few case reports or small series of about ten patients were reported in the anaesthetic literature. In this study of 97 patients with an abdominal aortic aneurysm and three patients with a thoracic aortic aneurysm, 50 patients received general anaesthesia, 41 light general anaesthesia with an epidural block, and nine epidural blocks with intravenous sedation. The authors do not specify the type of anaesthesia employed for the three patients with a thoracic aneurysm.
In 1999, researchers from the University of Perugia published a study of 115 patients undergoing elective abdominal aortic aneurysm repair with stent graft, 61 under epidural anaesthesia and 54 under general anaesthesia 11 . The authors concluded that epidural anaesthesia is feasible in a high percentage of patients in whom it was attempted, and that it ensured a technical outcome comparable with that of patients undergoing general anaesthesia and was associated with a shorter period of hospitalization.
In 2001 Bettex 10 compared general, epidural and local anaesthesia for abdominal aortic aneurysm endovascular stent graft repair through a retrospective analysis of 91 consecutive patients: 63 under local anaesthesia, 8 under epidural anaesthesia and 20 under general anaesthesia. In his study Bettex concluded that local anaesthesia with sedation was a safe technique for the endovascular repair of infrarenal abdominal aneurysm, offering several advantages over general and epidural anaesthesia such as simplicity, stable haemodynamics and reduced need for ICU and hospital stay. Bettex concluded that general anaesthesia should be restricted to patients with contraindications to epidural anaesthesia.
The main reasons for selecting general anaesthesia seem to be related to inexperience and uncertainties about the safety of this novel surgical technique and to the risk of having to convert to open surgical repair 10, 11 .
Data collected in controlled studies suggested that compared to general anaesthesia, epidural blockade in patients undergoing vascular surgery reduced the incidence of perioperative myocardial infarction and mortality, dampened the hormonal response to stress, resulted in better peripheral vascular circulation, reduced intraoperative and postoperative blood loss, and the incidence of postoperative pulmonary complications [11] [12] [13] [16] [17] .
During the thoracic stent graft procedure the patient's pain is caused by the surgical incision of the groin and the positioning of a 22-24 French introducer sheath through the common femoral artery or common iliac artery or external iliac artery. Less intense pain may be occasionally caused either by the occlusion of the orifice of the intercostal arteries by the stent and subsequent ischaemia of intercostal muscles, compensated later by collateral vessel flow, or by the mechanical traction of the stent on the aortic wall. The thoracic pain is well treated by minor analgesics. The postoperative pain is moderate, localized mainly in the groin and sometimes in the thorax.
The optimal anaesthetic management of patients undergoing thoracic aortic aneurysm stent graft repair remains poorly described in the literature 3,6,8,9 . Most case reports advise the use of general anaesthesia because of the risk of thoracic aortic rupture and subsequent need for a thoracotomy. In 2001, Strachan 8 described the anaesthetic management of a patient undergoing stent graft repair of a thoracic aneurysm and coarctation. He stressed that haemorrhage from aortic rupture was not a frequent complication of the procedure, but the author still used general anaesthesia.
In a series of 44 patients undergoing thoracic aortic aneurysm endograft repair, Mitchell reported only one case of conversion to an open procedure 1 .
Recently Schoder et al reported eight successful cases of endovascular stent graft repair of complicated penetrating atherosclerotic ulcers of the descending thoracic aorta. Five grafts were implanted under general anaesthesia, two using epidural block and one spinal anaesthesia. However, this study did not discuss the anaesthetic aspects and choices 18 .
In our case report the patient and his family a priori excluded the open surgical approach to repair the aneurysm. The highly compromised general condition of our patient would have resulted in an increased perioperative risk of death (ASA4) and therefore the only acceptable option was to try the endovascular stent graft repair.
The choice of the lumbar epidural technique was dictated by the need to maintain the patient's cardiorespiratory equilibrium, which could have been disrupted by general anaesthesia. The use of a large 24 French introducer through iliac arterotomy and the possible necessity of endovascular dilatation of the artery suggested the exclusion of the local anaesthesia technique, which would not have been sufficient. In the study by Bettex et al, local anaesthesia was used when the access was through the femoral artery and an epidural or general anaesthesia was used when access was through the iliac artery 10 . Moreover, sometimes the introduction of large size introducer sheaths cannot be performed through the femoral-iliac arteries, even though the measurements on the CT scan had showed it possible 1 . In cases like these, the epidural anaesthesia can be useful for extraperitoneal access to the common iliac artery.
In our patient, normotension did not compromise positioning of the stent graft. The inflation of the balloon lasted only two or three seconds, because of perfect adherence of the device to the aortic wall, and therefore we did not observe any haemodynamic changes.
The total dose of local anaesthetic was low (ropivacaine 0.75% 10 ml) and was injected epidurally in fractioned doses; therefore the reduction of arterial blood pressure was minimal and did not require vasopressor drug support.
The patient did not complain of pain and was cooperative during the endovascular graft placement. The possibility of communication with the staff allowed him to control his anxiety and to remain immobile when required.
Postoperative pain was mild and, as already described by Bettex et al, well controlled by the low doses of NSAIDs 10 . The renal function of the patient was continuously under control and was not compromised by the use of ketorolac. In this case the amount of contrast medium was lower than in the studies of Greenberg and Schoder (50 ml versus an average of 150 ml) 5, 18 . The heparin sodium was administered intraoperatively as a bolus and gastric protection was ongoing.
The epidural catheter was left in situ according to American Society of Regional Anesthesia consensus statements about neuraxial anaesthesia and anticoagulation 19 . In the study of Cao and co-workers, the haemostatic profile was checked 24 hours after the procedure, and if the findings were normal, the epidural catheter was removed 11 .
This analgesic regimen facilitated the prompt diagnosis of a right iliac thrombosis by the appearance of sudden pain in the patient's right leg.
Using the previously inserted epidural catheter for the anaesthetic management of the thromboendarterectomy avoided the risk associated with intubating the deviated trachea of the patient.
Postoperative thromboembolic phenomena have not been reported as a frequent postoperative complication of endovascular stent graft surgery, perhaps due to the use of heparin for the surgical procedure 6, 8 . The possible causes of this complication in our patient may be attributed to detachment of emboli from atheromatous plaques, following the introduction of the aortic stent, or secondary to insertion of the introducer into the left arteriotomy, which may have briefly slowed down or stopped blood flow in the controlateral iliac artery.
CONCLUSION
The question of whether epidural anaesthesia is the best way to emergently approach the repair of a ruptured thoracic aortic aneurysm in a severe compromised patient cannot be ascertained by a single case report. Nevertheless, it is remarkable that this complex scenario could be solved using the epidural block.
